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bus signal lines 1 C that are required to change state be- 



tween the first part and the second part of the memory 
access cycle. In a preferred embodiment of the inven- 
tion the bus 1A is a multiplexed address/data bus. The 
method also generates a control signal PS that is trans- 
mitted to the bus 1 A for informing a receiving device that 
the data (or address) being transferred over the multi- 
plexed address/data bus 1A should be inverted before 
use. Also disclosed is a memory 2 that operates in a 
burst mode by incrementing or decrementing memory 
addresses using a clock signal, and that operates with 
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(54) Low power memory bus interface 



(57) A method for reducing the power consumption 
of an electronic system, such as a wireless or cellular 
telephone, that has a memory 2 and a device for ac- 
cessing the memory. The method includes the steps of 
(a) during a first part of a memory access cycle, applying 
an address over a bus 1 A; (b) during a second part of 
the memory access cycle, transferring data to or from 
the memory 2 over at least a portion of the bus 1 A; and 
(c) prior to the step of transferring, selectively inverting 
or not inverting the data so as to minimize a number of 
bus signal lines 1 C that are required to change state be- 



tween the first part and the second part of the memory 
access cycle. In a preferred embodiment of the inven- 
tion the bus 1 A is a multiplexed address/data bus. The 
method also generates a control signal PS that is trans- 
mitted to the bus 1 A for informing a receiving device that 
the data (or address) being transferred over the multi- 
plexed address/data bus 1A should be inverted before 
use. Also disclosed is a memory 2 that operates in a 
burst mode by incrementing or decrementing memory 
addresses using a clock signal, and that operates with 
the power saving circuitry to selectively invert or not in- 
vert burst mode data read from or written to the memory. 
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Description 

This invention relates generally to digital data proc- 
essors and, in particular, to processor/memory interface 
circuits and methods. 

One conventional microprocessor memory inter- 
face includes an address bus, a data bus, and a control 
bus comprised of a plurality of control signals (e.g., read/ 
write). The number of address signal lines required de- 
pends upon the size of the memory (i.e., the number of 
addressable memory locations). The number of data 
signal lines required depends upon the type of micro- 
processor used. Conventional data bus widths are typ- 
ically n(8) bits, where n is an integer equal to or greater 
than one. The control bus has a number of lines required 
for at least selecting, reading, or writing the external 
memory. 

By example, for an 8 Mbit memory that is organized 
as 1024 kbits x 8 bits, 20 address lines and eight data 
lines are required. A memory access is performed by 
first applying the address of a memory location, and then 
asserting one or more control lines to perform the de- 
sired memory read or write access. For a memory write 
operation it is necessary to also drive the date bus with 
the data to be written. If the 8 Mbit memory is instead 
organized as 524k x 16 bits, then 19 address lines and 
16 data lines are required in order to access the entire 
memory. 

It is also known in the microprocessor field to em- 
ploy a multiplexed address/data bus, wherein at least 
some of the address signal lines also function as data 
lines. For example, during a first part of a memory ac- 
cess cycle the multiplexed lines convey address infor- 
mation to the memory, while in a later part of the cycle 
these same lines convey data that is written to or that is 
read from the memory. For this type of architecture it is 
known to provide an address valid or similar control sig- 
nal line for indicating to external circuitry when the mul- 
tiplexed address/data lines are conveying address in- 
formation as opposed to data. This control signal line is 
typically used to latch the address information into an 
external latching device so that the address information 
remains stable after the multiplexed address/data bus 
switches from the address to the data mode of opera- 
tion. 

The power consumption of a digital integrated cir- 
cuit is a function of a number of parameters, including 
the number of external output signal lines that are driven 
and the number of state changes at each output. These 
factors become increasingly important when one inte- 
grates a microprocessor and external memory into a 
battery operated device, such as a handheld wireless 
telephone, a cellular telephone, or a personal commu- 
nicator. In such a device it is desirable to reduce the 
overall power consumption as much as possible in order 
to increase the time between required rechargingsof the 
battery. 

In accordance with the invention, a method for re- 



ducing the power consumption of an electronic system, 
such as a wireless or cellular telephone, has a first de- 
vice and a second device. The method includes the 
steps of (a) during a first part of an access cycle, apply- 
5 ing an address over a bus; (b) during a second part of 
the access cycle, transferring data to or from the first 
device over at least a portion of the bus; and (c) prior to 
the step of transferring, selectively inverting or not in- 
verting the data so as to minimize a number of bus signal 
10 lines that are required to change state between the first 
part and the second part of the bus cycle. 

Thus the invention provides a technique to reduce 
a power consumption of a battery powered device by 
reducing one or both of the number of driven output sig- 
1S nal lines or the number of state changes at each output. 
The bus is operated to reduce the overall power con- 
sumption of a system that contains the bus and devices 
by minimizing a number of signal state changes on the 
bus. 

The power consumption of a battery powered de- 
vice is reduced by reducing one or both of the number 
of driven output signal lines or the number of state 
changes at each output. This invention teaches in one 
aspect the construction and operation of a memory in- 
terface between a microprocessor and a memory that 
reduces the amount of power used to drive the memory 
interface bus, and that also reduces the amount of in- 
terconnects between the microprocessor and the mem- 
ory. In other aspects of this invention the interface may 
be used between any two devices that exchange infor- 
mation over a bus, such as a microprocessor device and 
a peripheral device, such as a DMA (Direct Memory Ac- 
cess) controller or a serial or parallel interface device. 

In a preferred embodiment of the invention the bus 
is a multiplexed address/data bus. 

The method preferably also generates a control sig- 
nal that is transmitted to the bus for informing a receiving 
device that the data (or address) being transferred over 
the multiplexed address/data bus should be inverted be- 
fore use. The receiving device then, in response to the 
control signal, inverts the received data if required. 

Also disclosed is a memory that operates in a burst 
mode by incrementing or decrementing memory ad- 
dresses using a clock signal, and that operates with the 
power saving circuitry to selectively invert or not invert 
burst mode data read from or written to the memory. 

In accordance with a further aspect of the invention, 
a wireless telephone, comprises a microprocessor, a 
memory; a bus coupling said microprocessor to said 
memory, said bus comprising a multiplexed address/da- 
ta bus portion that transfers an address during a first 
part of a memory access cycle and data during a second 
part of the memory access cycle; and power saving cir- 
cuitry coupled to said bus, said power saving circuitry 
being operative during the second part of a memory ac- 
cess cycle for selectively inverting or not inverting the 
data so as to minimize a number of multiplexed address/ 
data bus signal lines that are required to change state 
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between the first part and the second part of the memory 
access cycle. 

The invention will now be described, by way of ex- 
ample only, with reference to the accompanying draw- 
ings, in which: 

Fig. 1 A is a block diagram of memory interface cir- 
cuitry shown coupled to a memory array in accord- 
ance with a first embodiment of this invention; 

Fig. 1 B is a block diagram of memory interface cir- 
cuitry shown coupled to a memory array in accord- 
ance with a second, burst mode pipelined embodi- 
ment of this invention; 

Fig. 1C is a block diagram of microprocessor inter- 
face circuitry shown coupled to a microprocessor 
device which is suitable for coupling to the memory 
interface circuitry of either Figs. 1 A or 1 B; 

Fig. 2 illustrates exemplary memory read access 
timing in accordance with a first embodiment of this 
invention, wherein an address latch enable (LE) sig- 
nal is provided on a bus to a receiving device; 

Fig. 3 illustrates exemplary memory read access 
timing in accordance with a second embodiment of 
this invention, wherein the latch enable signal is 
generated at the receiving end of the bus transac- 
tion; 

Fig. 4 illustrates exemplary memory write access 
timing in accordance with the first embodiment of 
this invention, wherein the address latch enable sig- 
nal is provided on the bus; 

Fig. 5 illustrates exemplary memory write access 
timing in accordance with the second embodiment 
of this invention, wherein the address latch enable 
signal is generated at the receiving end of the bus 
transaction; 

Fig. 6 illustrates exemplary memory burst read ac- 
cess timing in accordance with an aspect of this in- 
vention; 

Fig. 7 illustrates exemplary memory burst write ac- 
cess timing in accordance with an aspect of this in- 
vention; and 

Fig. 8 is a simplified block diagram of an exemplary 
handheld communication device that includes the 
processor/memory interface in accordance with this 
invention. 

Fig. 1 A is a block diagram of a first embodiment of 
a microprocessor/memory interface (MMI) 1. The MMI 
1 is coupled to a memory array 2 through an address 



port 2A, a data out port 2B, and a data in port 2C. A 
multiplexed address/data bus (e.g., 16-bits in width) is 
input/output on an ADDR/DATA bus 1 A. Additional ad- 
dress information is provided by a separate, non-multi- 
plexed ADDR bus 1 B. The width of the additional ADDR 
bus 1 B depends upon the size of the memory array 2. 
In some embodiments, wherein the memory array 2 has 
a size that can be completely addressed by the ADDR/ 
DATA bus 1 A, the ADDR bus 1 B can be eliminated. Also 
provided is a Control bus 1 C having a chip select (CS) 
signal line, a write (WR) signal line, and a read (RD) sig- 
nal line. More or fewer signal lines can be included. By 
example, in some embodiments a single RDAA/R signal 
line can be provided. The ADDR/DATA bus 1 A, the AD- 
DR bus 1B, and the CONTROL bus 1C are all coupled 
to a suitable data processor, typically a microprocessor 
(not shown in Fig. 1 ), and may also be coupled to other 
devices, such as DMA controller (not shown). 

The MMI 1 is further comprised of an input/output 
(I/O) buffer 3 that is coupled to the ADDR/DATA bus 1 A 
and to the RD control line, an output (relative to the 
memory array 2) data inversion exclusive-OR (XOR) 
unit 4 that is coupled to the input of the I/O buffer 3, an 
input data inversion XOR unit 5 that is coupled to an 
output of the I/O buffer 3, a data bus capture latch 6 that 
is coupled to the output of the I/O buffer 3, an address 
latch 7 which is coupled to the ADDR information output 
from the I/O buffer 3 (in one embodiment) or to the out- 
put of the input data inversion XOR unit 5 (in another 
embodiment), and a two port data comparison unit 8 
having a first input port coupled to the data output 2B of 
the memory array 2, a second input port coupled to an 
output of the data capture latch 6, and an output power 
control signal (referred to as PS jnternal ) coupled to a con- 
trol input of the output data inversion XOR unit 4 and to 
an input of a PS transceiver 9. An output of the PS trans- 
ceiver 9 is coupled to a control input of the input data 
inversion XOR unit 5. The operation of the MM1 1 in con- 
junction with the memory array 2 will be described in 
detail below. 

It is first noted that the MMI 1 of Fig. 1A does not 
provide a separate control signal for latching the ADDR 
bus 1B. In the illustrated embodiment the address latch 
signal is generated with combinatorial logic (not shown) 
from the CS, WR and RD signals. Furthermore, the il- 
lustrated embodiment shows an implementation where 
the multiplexed address on the common ADDR/DATA 
bus 1 A is included in the power saving function. The dot- 
ted connection Fig. 1 A from the output of the I/O buffer 
3 to the address latch 7 is used if the memory address 
is not included in the power save function. 

The low interconnect microprocessor/memory in- 
terface bus uses the multiplexed address/data bus 1 A, 
that is used for addressing memory locations, to also 
convey the data that is read from or written to the mem- 
ory array 2. This approach implies that the address in- 
formation be stored in or adjacent to the memory array 
2. For this purpose a control signal, referred to as °ad- 
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dress latch enable", hereinafter referred to as "LE", is 
used. The LE signal causes a storage of the state of the 
common ADDR/DATA bus 1 A as address information at 
its falling edge. When the LE signal is active, i.e., in the 
high state, the information presented on the common 
ADDR/DATA bus 1 A is interpreted as address informa- 
tion. When the LE signal is in the low state the informa- 
tion is interpreted as data, and by using the other control 
signals the memory array 2 either outputs data to be 
read by the microprocessor or writes the data into a 
memory location that was previously addressed when 
the LE signal was high. 

As was mentioned above, the LE signal may be 
omitted if the timing of the Chip Enable (CE) signal and 
the Read and Write (RD and WR) signals are arranged 
in such a way that the address latch 7 is transparent. In 
this case the information on the common ADDR/DATA 
bus 1 A is interpreted as address information so long as 
CE is active (e.g., low) and the RD and WR are inactive 
(e.g., high). When this condition exists it is indicated that 
a memory access cycle is in progress, and that address 
information is presented on the common ADDR/DATA 
bus 1 A. When either the RD or WR signals transition to 
the active state, it is indicated that data is to be read 
from the memory array 2 to the common ADDR/DATA 
bus 1 A, or is to be input to the memory array 2 from the 
common ADDR/DATA bus 1A, respectively. When ei- 
ther of the RD or WR signals goes active, the information 
on the common ADDR/DATA bus 1 A is latched into the 
address latch 7 as address information. 

The illustrated MM! 1 , which uses the multiplexed 
address/data bus 1A, thus reduces the data bus inter- 
connects that are required with a conventional micro- 
processor bus. As the address and data share the same 
bus the speed of the data that can be read using the low 
interconnect MM1 1 is reduced by about one half as com- 
pared with a conventional non-multiplexed bus. To com- 
pensate for this reduction in access time the data that 
normally would be read in 8-bit format is instead read in 
a 16-bit (or 32 -bit, or 64-bit) format. As the number of 
required address lines typically exceeds 1 6, the embod- 
iment of Fig. 1 A does not incur any additional overhead 
from the interconnect point of view. 

Furthermore, the data rate can be increased by us- 
ing a burst mode access, where the first address of a 
block of data is applied and latched, and the address is 
subsequently incremented by applying an externally 
generated or internally generated clock (CLK) signal af- 
ter each data read/write operation. This type of opera- 
tion, which assumes access to sequential memory loca- 
tions, thus eliminates the need to apply a new address 
after each data operation. Different types of burst mode 
operation can be used, but they all share in common the 
idea that only the first address of the memory locations 
to be accessed is presented to the memory array 2. The 
length of the burst may vary (i.e., the number of consec- 
utive read or write accesses). 

By example, Fig. 1 B depicts a pipelined burst mode 



embodiment having a burst control logic block 11 cou- 
pled to the CLK input. The burst control logic block 11 
provides control outputs to three multiplexers (MUX) 
1 1 A, 1 1 B and 1 1 C. Also, the data out port 2B of the mem- 
s ory array 2 is arranged to provide multiple output bytes 
or words (e.g., four 16-bit output words in parallel) to a 
corresponding number of data pipeline latches 2D. The 
burst control logic block 1 1 sequentially outputs the data 
words stored in the data pipeline latches 2D 
10 (DATA1 -DATA4) at a rate established by the transition- 
ing of the CLK signal, and thus provides a high speed 
memory access. 

As was indicated previously, power is consumed in 
a digital system when a signal changes state. More par- 
's ticularly, power is consumed when a capacitive load as- 
sociated with signal line traces, device terminals and 
connector terminals is either charged or discharged. 
Typically, the internal capacitive load of a digital integrat- 
ed circuit is lower than the capacitive load observed at 

^0 the interconnect level of the printed circuit board. 

The inventor has realized that a power saving ad- 
vantage can be gained if the amount of signal transitions 
on the external interconnections, e.g., between two dig- 
ital circuits, can be minimized. Therefore, on a wide bus 

2S such as an address/data bus in a microprocessor sys- 
tem, overall power consumption is reduced when the 
data to be transmitted on the external bus causes a min- 
imum number of signal transitions on the external inter- 
connects (e.g., signal line traces and device I/O pins). 

30 in accordance with an aspect of this invention a re- 
duction in power consumption is achieved by comparing 
the information (e.g., data or address) previously ap- 
pearing on a bus with the information to be transmitted 
over the bus, by determining if an inversion of the data 

35 to be transmitted will cause fewer signal transitions to 
occur than if the information were transmitted without 
being inverted, and, if so, by inverting the data before 
transmission. In order to indicate that the information 
has been inverted a control signal is generated and 

40 transmitted over the bus to inform the receiving device 
that the information must be inverted once again before 
any further processing occurs. In the embodiment of 
Figs. 1A and 1B the PS signal performs this function, 
and the data comparison unit 8, in combination with the 

45 bus capture latch 6, makes the determination if an in- 
version of the data is required. 

More particularly, and referring again to Fig. 1 A, da- 
ta appearing on the common ADDR/DATA bus 1 A is bit- 
wise compared with the data previously appearing on 

50 the common ADDR/DATA bus 1 A. For example, the cur- 
rent state of the data bus LSB (D0 current ) is compared 
with the new data to be output on DO (D0 next ). If the two 
data bits are equal (DO^^pDO^) a logic 0 is indicat- 
ed by the bit comparison logic, and if the two data bits 

55 are not equal (D0 current =NOT(D0 next )), then the bit com- 
parison logic indicates a logic one (an XOR function). 
The results of the comparisons of all of the bits (e.g., 
D0-D1 5 for a 1 6-bit bus) are then examined and, if there 
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are more (or the same number) of equal bits than une- 
qual bits on the common ADDR/DATA bus 1 A, the next 
data is not inverted before It is output on the common 
ADDR/DATA bus 1 A, and the PS signal assumes a first 
state. That is, PS jnterna , and PS = 0. If there are more 
unequal than equal data bits on the common ADDR/DA- 
TA bus 1 A, the next data is inverted before it is output, 
and the PS signal assumes a second state. That is, PS in . 
temai and ps = 1 Tne ps signal is a common signal for 
all of the devices connected to the common ADDR/DA- 
TA bus 1 A. The device that is to receive the data exam- 
ines the state of the PS signal and inverts the received 
data if necessary. In that only one device at a time can 
drive data to the common ADDR/DATA bus 1 A, only the 
one bidirectional PS signal line is required. This embod- 
iment thus assumes the use of conventional high imped- 
ance or open collector bus drivers for the ADDR/DATA 
bus and the PS signal line. 

In the pipelined burst mode embodiment of Fig. 1 B 
the PS signal can be generated in accordance with two 
different approaches. As the generation of the PS signal 
adds some incremental delay to the read response from 
the memory array 2, in accordance with the first ap- 
proach the response time is reduced for the first word 
that is to be output from the memory array 1 A (e.g., the 
word read into the DATA1 latch 2D). This is accom- 
plished by not comparing the first word with the latched 
bus state in bus capture latch 6, but instead by output- 
ting the first word directly to the ADDR/DATA bus 1A 
through the multiplexer 11 A, XOR unit 4 and I/O buffer 
3. In this case the PS signal is set to indicate that no 
inversion was applied to the output word. When output- 
ting the word in the DATA1 latch, the word stored in the 
DATA2 latch is compared with the DATA1 word (which 
is still stored in the DATA1 latch) using multiplexers 11 B 
and 11 C and the data comparison unit 8. The PS signal 
is set accordingly, and the word stored in the DATA2 
latch is then driven to the ADDR/DATA bus 1A, when 
the CLK signal is applied, in inverted or non-inverted 
form as determined by the data comparison unit 8. 
When outputting the word in the DATA2 latch, the word 
stored in the DATA3 latch is compared with the latched 
DATA2 word, using multiplexers 11 B and 11 C and the 
data comparison unit 8, and the PS signal is set accord- 
ingly. The same is true for the word stored in the DATA4 
latch, which is compared with the DATA3 word. In this 
embodiment the comparison is made with the data as 
output from the memory array 2, and not the actual in- 
verted or non-inverted data that is driven to ADDR/DATA 
bus 1A. However, since the comparison logic 8 has 
knowledge of the state of the PS signal for each output 
word, the state of the data at the ADDR/DATA bus is 
also known. 

In the second approach mentioned above, and for 
a case where the PS generation time delay for the first 
output word is not objectionable, the word stored in the 
Datal latch is compared with the previous state of the 
address bus stored in the bus capture latch 6, and the 



PS signal is set accordingly. 

Fig. 2 illustrates the read access timing for the low 
interconnect, low power ADDR/DATA bus 1 A bus using 
the LE signal. The same timing diagram, for the case 
5 where the LE signal is generated internally from the CE 
and RD/WR signals, is shown in Fig. 3. In Fig. 2 the Ad- 
dress/Data bus 1 A is shown going to a high impedance 
state between the Address Valid and Data Valid states. 
As is indicated in Fig. 3, however, in some embodiments 

10 the Address/Data bus 1 A may not enter a high imped- 
ance state between the transition between the Address 
Valid and Data Valid states. 

The memory location to be read is addressed by the 
microprocessor and the address latch 7 is made trans- 

75 parent at point A in Figs. 2 and 3. At point B the address 
is latched by the address latch 7. Between points A and 
B the state of the PS signal is tested to determine if the 
address to be latched is to be inverted or not before 
latching. This (optional) mode of operation allows the 

20 power saving function to also be used for address infor- 
mation transmitted over the common ADDR/DATA bus 
1 A. If the address is to be inverted this is accomplished 
automatically by the XOR unit 5 under the control of the 
input PS signal from the transceiver 9. 

25 At point B the state of the common ADDR/DATA bus 
1 A is captured in the bus capture latch 6 for power con- 
trol analysis. In this case the captured data is equal to 
the address information that was transmitted over the 
common ADDR/DATA bus 1 A. The captured data is then 

30 compared with the data appearing on the memory array 
data out bus 2B, the data being read out of the ad- 
dressed memory location. The result of the comparison 
is output as the PS jnterna , and PS signal at point C, i.e., 
after the data output from the memory array 1 has be- 

35 come stable. The state of the PS signal output from the 
PS transceiver 9 indicates to the reading device (e.g., 
the microprocessor) that the valid data that is output on 
the common ADDR/DATA bus 1 A at point C is to be in- 
verted or not inverted by the receiver before processing 

40 the data. 

It can thus be seen that in this embodiment the state 
of the common ADDR/DATA bus 1 A at the start of the 
memory access cycle is compared to the required state 
of the ADDR/DATA bus 1 A at the end of the cycle. That 

45 is, the input address information is compared to the out- 
put data information. If driving the data information to 
the ADDR/DATA bus 1 A will cause more than a prede- 
termined number of signal line transitions, then the out- 
put data is inverted by the XOR unit 4, under control of 

so the PS jntema , signal, prior to inputting the data to the I/O 
buffer 3. 

For example, assume that the address conveyed 
over the ADDR/DATA bus 1 A is FFED (all examples as- 
sume a hexadecimal representation), and further as- 
55 sume that the output data from the addressed memory 
location is FFFF. In this case only two bits will transition 
on the ADDR/DATA bus 1A, the output data is not in- 
verted, and the PS signal line will be a zero. If instead 
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the data stored at this same location were 2480, signif- 
icantly more than 50% of the ADDR/DATA bus signal 
lines will be required to change state. In this case the 
data is inverted (and is transmitted as DB7F), and the 
PS signal line will be a one. The receiving device, being 
responsive to the PS signal line, will then invert the data 
back to 2480 before using same. 

Fig. 4 shows the write access timing using the LE 
signal. The write access timing not using the LE signal 
is shown in Fig. 5. In this case the memory location to 
be written is addressed by the microprocessor and the 
address latch 7 is made transparent at point A in Figs. 
4 and 5. At point B the address is latched by the address 
latch 7. Between points A and B the state of the PS sig- 
nal is tested to determine if the address to be latched is 
to be inverted or not before latching. As before, this (op- 
tional) mode of operation allows the power saving func- 
tion to also be used for address information transmitted 
over the common ADDR/DATA bus 1 A. If the address is 
to be inverted this is accomplished automatically by the 
XOR unit 5 under the control of the input PS signal from 
the transceiver 9. 

As this is a write operation it is not necessary to cap- 
ture the state of the ADDR/DATA bus 1 A at point B. The 
PS signal generated by the writing device (e.g., a micro- 
processor, DMA controller, etc.), in conjunction with the 
XOR unit 5, is used to invert the data, if necessary, prior 
to application of the data to the memory array data input 
port 2C. The inversion is controlled by the state of the 
PS signal as received from the PS transceiver 9. 

Further in accordance with an aspect of this inven- 
tion the burst mode is primarily used for reading, al- 
though it can also be used for write operations. Using 
the burst mode reduces the overhead that the address 
causes on the ADDR/DATA bus 1 A. This is particularly 
important on the low interconnect bus where the ad- 
dress and data information are multiplexed on the same 
physical bus. The overhead is reduced to 1/BL, where 
BL is the number of accesses performed during each 
burst. 

As is illustrated in Figs. 6 and 7, the first address is 
applied in the burst mode to indicate the initial memory 
location of the burst access. In the burst access mode 
the address is then incremented by applying an external 
clock (CLK) signal that increments the address internal- 
ly to the selected device. The clock used to increment 
the address in the burst mode access also enhances 
the power saving function by minimizing the number of 
transitions on the ADDR/DATA bus 1 A. 

In this embodiment the address latch 7 of Figs. 1 A 
and 1 B can be replaced by a parallel loaded binary 
counter that stores the address information on the tran- 
sition of LE (internally or externally generated), and that 
is then subsequently incremented by the CLK signal. If 
desired, a further bus signal can be used to indicate the 
direction (DIR) of counting (i.e., up or down), thereby 
enabling consecutive memory accesses to be made to 
higher or lower memory addresses. 



Although the LE signal may be used to latch the first 
address in the burst access mode, in the timing dia- 
grams of Figs. 6 and 7 the LE signal has been omitted, 
and the address latch signal is generated internally as 
s described above. 

Referring to Fig. 6 for the burst read operation case, 
the first address in the burst mode access is applied and 
the internal address latch in the memory device is trans- 
parent between point A and point B. The data appearing 

10 on the ADDR/DATA bus 1A is interpreted as address 
information from point A to point B. At point B the ad- 
dress is latched. The state of the PS signal is evaluated 
between points A and B and the address is inverted or 
not inverted before it is latched according to the state of 

is ps. The state of the ADDR/DATA bus may be captured 
at point B for power analysis, as described above for the 
read operation of Figs. 2 and 3, if the first output word 
from the Datal latch is to be compared with the state of 
the address bus. In this case the state of the ADDR/DA- 

20 TA bus 1 A at point B is compared to the data read from 
the addressed memory location using the data compar- 
ison unit 8. The result of the comparison is indicated by 
the state of the PS jnterna , signal, and the output data is 
inverted by the XOR unit 4 if required. The data is read 

25 by the microprocessor from the ADDR/DATA bus 1 A at 
the rising edge of the CLK signal. The rising edge of the 
CLK signal is also used to increment or decrement the 
internal address held by the counter 7. The address in- 
crement/decrement is dependent upon the type of burst 

30 mode implemented. The result of the next comparison 
is indicated using the PS^^, signal and is output to 
the reading device as the PS signal at the next rising 
edge of the CLK signal, or if it is the last access in the 
burst, at the rising edge of the RD signal. 

35 The burst mode write timing is shown in Fig. 7. The 
starting address is latched by the address counter 7 and 
the address is subsequently incremented by the CLK 
signal. Writing using the burst mode includes an evalu- 
ation of the PS signal by the writing device, and no pow- 

40 er save analysis required by the receiving device. The 
inputted data is inverted or not inverted, according to the 
PS signal, before writing it to the addressed memory lo- 
cation. 

The address latching is performed as described 
45 above. At the rising edge of the CLK signal the data is 
written to the addressed memory location. The PS sig- 
nal is evaluated before the write operation in order to 
convert the data accordingly. For a last write access of 
the burst the data is written by the rising edge of the WR 
50 signal. 

Reference is made to Fig. 8 for illustrating a wireless 
user terminal or mobile station 10, such as but not lim- 
ited to a cellular radiotelephone or a personal commu- 
nicator, that is constructed to include the processor/ 
55 memory interface 1 of this invention. The mobile station 
1 0 includes an antenna 1 2 f or transm itting signals to and 
for receiving signals from a base site or base station. 

The mobile station includes a modulator (MOD) 
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1 4A, a transmitter 1 4, a receiver 1 6, a demodu lator (DE- 
MOD) 16A, and a controller 18 that provides signals to 
and receives signals from the transmitter 14 and receiv- 
er 16, respectively. These signals include signalling in- 
formation in accordance with the air interface standard 
of the applicable cellular system, and also user speech 
and/or user generated data. The air interface standard 
may be any suitable standard for enabling bidirectional 
voice and/or data communications with the mobile sta- 
tion 10. 

It is understood that the controller 18 also includes 
the circuitry required for implementing the audio and log- 
ic functions of the mobile station. By example, the con- 
troller 1 8 may be comprised of a digital signal processor 
device, a microprocessor device 18A, and various ana- 
log to digital converters, digital to analog converters, and 
other support circuits. The control and signal processing 
functions of the mobile station are allocated between 
these devices according to their respective capabilities. 

A user interface includes a conventional earphone 
or speaker 17, a conventional microphone 1 9, a display 
20, and a user input device, typically a keypad 22, all of 
which are coupled to the controller 18. The keypad 22 
includes the conventional numeric (0-9) and related 
keys (#,*) 22a, and other keys 22b used for operating 
the mobile station 10. These other keys 22b may in- 
clude, by example, a SEND key, various menu scrolling 
and soft keys, and a PWR key. The mobile station 10 
also includes a battery 26 for powering the various cir- 
cuits that are required to operate the mobile station. 

The mobile station 10 also includes various memo- 
ries, shown collectively as the memory 24, wherein are 
stored a plurality of constants and variables that are 
used by the controller 1 8 during the operation of the mo- 
bile station. For example, the memory 24 stores the val- 
ues of various cellular system parameters and the 
number assignment module (NAM). An operating pro- 
gram for controlling the operation of controller 1 8 is also 
stored in the memory 24 (typically in a ROM device). 
The memory 24 may also store data, including user 
messages, that is received from the BMI 32 prior to the 
display of the messages to the user. The memory 24 
includes the read/write memory array 1 , as described 
above with respect to Figs. 1 A and 1B. 

In accordance with this invention the MM! 1 is in- 
cluded within memory array 1, and another interface V 
is included in the microprocessor device 18a that forms 
a part of the controller 18. More particularly, the MMI 1 
is associated with the memory array 2, and the micro- 
processor 18A includes interface circuitry V for gener- 
ating the PS signal, and for selectively inverting data re- 
ceived from the memory array 1 as a function of the PS 
signal received from the memory array 1 . 

Referring to Fig. 1C, the microprocessor 18A in- 
cludes, to the left of the dashed line, conventional ad- 
dress generation circuits 18B, data I/O circuits 18C, a 
control bus generator 18D, and an address/data multi- 
plexer (MUX) 18E. various bus buffers and transceivers 



are not shown for simplicity. The control bus generator 
18D is modified to generate the CLK signal during the 
burst mode read or write accesses. In accordance with 
this invention the microprocessor 18A also includes the 
5 interface 1' comprised of an address/data inversion 
XOR unit 4' and 5', an address/data latch 6', an address/ 
data comparison unit 8', and a PS transceiver 9'. The 
interface V operates to selectively invert or not invert 
address and data information before it is driven to the 
10 ADDR/DATA bus 1 A, and to set the state of the PS signal 
accordingly. The interface 1 ' also operates to selectively 
invert or not invert the data information received from 
the ADDR/DATA bus 1A, in accordance with the state 
of the PS signal that is sourced from the MM1 1 of mem- 
ory array 2 (or some other device that is sourcing data 
to the microprocessor 18A). 

The use of the MMI 1 and the interface V reduces 
the power consumption of the mobile station 10, as de- 
scribed above, and thus prolongs the life of the battery 
24 and extends the time between required rechargings 
of the battery 24. 

Although described in the context of a read/write 
memory array, it should be realized that the MMI 1 can 
be employed as well with a read only memory (ROM), 
in a manner described above for the memory read em- 
bodiments of Figs. 2, 3, and 6. 

Also, it should be realized that in the preferred em- 
bodiment the circuitry shown in Figs. 1 A, 1B and 1C is 
integrated within a memory chip, memory array, micro- 
processor, DMA controller, peripheral controller, or 
some other device, although the circuitry could also be 
provided as external circuitry. For the case where the 
memory array is comprised of dynamic memory cells, 
the required RAS and CAS signals can be generated 
internally, or externally in a conventional fashion. 

Furthermore, the use of this invention does not also 
require the use of a multiplexed address/data bus. For 
example, a memory array or peripheral device can be 
provided with the interface circuitry of this invention for 
coupling the device to a dedicated data bus. By exam- 
ple, a burst mode memory, or a burst mode peripheral 
device that inputs high speed data from a communica- 
tions network or from a disk or CD ROM, can utilize the 
teaching of this invention to minimize data bus signal 
line transitions between successive data bytes or words, 
thereby conserving power. 

Thus, while the invention has been particularly 
shown and described with respect to preferred embod- 
iments thereof, it will be understood by those skilled in 
the art that changes in form and details may be made 
therein without departing from the scope and spirit of the 
invention. 



55 Claims 



1 . A method for reducing the power consumption of 
an electronic system having a first device and a sec- 
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ond device that are coupled together through a bus, 
comprising the steps of: 

during a first part of a bus cycle, applying an 
address over the bus from the first device to the s 
second device; 

during a second part of the bus cycle, transfer- 
ring data to or from the first device over at least 
a portion of the bus; and 

prior to the step of transferring, selectively in- w 
verting or not inverting the data so as to mini- 
mize a number of bus signal lines that are re- 
quired to change state between the first part 
and the second part of the bus cycle. 

15 

2. A method as in claim 1 , wherein the step of se- 
lectively inverting or not inverting includes the steps 
of: 

generating a control signal to have a first state 20 
for indicating whether the transferred data has 
been inverted or a second state for indicating 
that the transferred data has not been inverted; 
and 

transmitting the control signal to the bus. 25 

3. A method as in claim 2, wherein the step of trans- 
ferring includes the further steps of: 

receiving the transferred data and the control 30 
signal from the bus; and 
inverting the received data or not inverting the 
received data in accordance with the state of 
the control signal. 

35 

4. A method as in claim 1 or 2, wherein the second 
device is comprised of a memory array, and wherein 
for a memory read cycle the step of selectively in- 
verting or not inverting is executed by circuitry cou- 
pled to the memory array. 40 

5. A method as in claim 1 or 2, wherein the second 
device is comprised of a memory array, and wherein 
for a memory write cycle the step of selectively in- 
verting or not inverting is executed by the first de- 45 
vice. 

6. A method as in any of claims 1 to 5, wherein the 
second device is comprised of a memory array, and 
wherein for a memory read cycle the method in- so 
eludes the further steps of: 

latching the address with circuitry coupled to 
the memory array; 

outputting data from a memory array location ss 
specified by the address; 
performing a bit by bit comparison of the out- 
putted data with at least a portion of latched ad- 



dress; 

determining if more than a predetermined 
number of bits are not equal; and 
if more that the predetermined number of bits 
are not equal, generating a control signal to 
have a first state, inverting the outputted data 
prior to driving the outputted data to the bus, 
and driving the control signal to the bus; else 
if less that the predetermined number of bits are 
not equal, generating the control signal to have 
a second state, driving the outputted data to the 
bus, and driving the control signal to the bus. 

7. A method as in any of claims 1 to 5, wherein the 
second device is comprised of a memory array, and 
wherein for a memory read cycle the method in- 
cludes the further steps of: 

latching the address with circuitry coupled to 
the memory array; 

outputting data from a memory array location 
specified by the address; 
performing a bit by bit comparison of the output 
data with at least a portion of the latched ad- 
dress; 

selectively inverting or not inverting the output 
data based on the result of the comparison; 
driving the inverted or not inverted output data 
to the bus; 

latching the inverted or not inverted output da- 
ta; 

incrementing or decrementing the latched ad- 
dress to provide a next latched address; 
outputting data from a memory location speci- 
fied by the next latched address; 
performing a bit by bit comparison of the out- 
putted data with the latched data; 
selectively inverting or not inverting the output- 
ted data based on the result of the comparison; 
and 

driving the inverted or not inverted outputted 
data to the bus. 

8. A method as in any preceding claim, wherein the 
step of applying an address includes the steps of: 

receiving the address; 

receiving a control signal that indicates whether 
at least a portion of the address was inverted 
or was not inverted prior to being transferred; 
selectively inverting or not inverting the ad- 
dress based on a state of the control signal; and 
latching the address. 

9. A method as in any preceding claim, wherein the 
electronic system is a battery powered system. 

10. A method as in any preceding claim, wherein 
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the electronic system is a wireless telephone. 

11. A wireless telephone, comprising: 

a microprocessor; 5 
a memory; 

a bus coupling said microprocessor to said 
memory, said bus comprising a multiplexed ad- 
dress/data bus portion that transfers an ad- 
dress during a first part of a memory access cy- 10 
cle and data during a second part of the mem- 
ory access cycle; and 

power saving circuitry coupled to said bus, said 
power saving circuitry being operative during 
the second part of a memory access cycle for is 
selectively inverting or not inverting the data so 
as to minimize a number of multiplexed ad- 
dress/data bus signal lines that are required to 
change state between the first part and the sec- 
ond part of the memory access cycle. 20 

12. A wireless telephone as in claim 11, wherein 
said power saving circuitry is comprised of: 

a first circuit for generating a control signal to 25 
have a first state for indicating whether the 
transferred data has been inverted or a second 
state for indicating that the transferred data has 
not been inverted; and 

a second circuit for transmitting the control sig- 30 
nal to the bus. 

1 3. A wireless telephone as in claim 1 1 or 1 2, where- 
in for a memory read cycle the power saving circuit- 
ry operates at the memory. 35 

1 4. A wireless telephone as in claim 1 1 or 1 2, where- 
in for a memory write cycle the power saving circuit- 
ry operates at the microprocessor. 

40 

15. A wireless telephone as in any of claims 11 to 
14, wherein the power saving circuitry further in- 
cludes; 

a latch for latching a read address received 45 
from the bus and for applying the read address 
to the memory; 

a comparator for performing a bit by bit com- 
parison of data output from the memory with at 
least a portion of latched address; so 
means for determining if more than a predeter- 
mined number of bits are not equal; and 
circuit means, responsive to more than the pre- 
determined number of bits not being equal, for 
generating a control signal to have a first state, ss 
for inverting the output data prior to driving the 
output data to the bus, and for driving the con- 
trol signal to the bus; said circuit means being 



responsive to less than the predetermined 
number of bits not being equal, for generating 
the control signal to have a second state, for 
driving the output data to the bus, and for driv- 
ing the control signal to the bus. 

16. A wireless telephone as in any of claims 11 to 
14, wherein the power saving circuitry further in- 
cludes: 

a latch for latching a read address received 
from the bus and for applying the read address 
to the memory; 

a comparator for performing a bit by bit com- 
parison of data output from the memory with at 
least a portion of latched address; 
means for determining if more than a predeter- 
mined number of bits are not equal; 
circuit means for selectively inverting or not in- 
verting the output data based on the result of 
the comparison and for driving the inverted or 
not inverted output data to the bus; 
a latch for latching the inverted or not inverted 
output data; and 

means for incrementing or decrementing the 
latched address to provide a next latched ad- 
dress to read a next memory location; 
wherein said means for determining if more 
than a predetermined number of bits are not 
equal performs a bit by bit comparison of the 
outputted data with the latched data; and 
wherein said means for selectively inverting or 
not inverting operates based on the result of the 
comparison. 

17. A wireless telephone as in any of claims 11 to 
16, and further comprising: 

a latch for latching the address; and 
wherein said power saving circuitry further in- 
cludes a circuit having a first input coupled to 
the multiplexed address/data bus, a second in- 
put coupled to a control signal received from 
the bus, and an output coupled to said latch, 
said circuit selectively inverting or not inverting 
the address based on a state of said control sig- 
nal. 

18. An electronic device, comprising a plurality of 
terminals for coupling the electronic device to a bus 
that is external to said electronic device, and also 
comprising a further terminal for coupling to a bus 
control signal that indicates, during operation, 
whether information currently being transferred 
over said bus has been inverted in order to minimize 
a number of bus signal lines that are required to 
change state between information that was last 
transferred and the information that is currently be- 
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ing transferred. 

1 9. An electronic device as in claim 1 8, wherein said 
electronic device is comprised of a microprocessor 

5 

20. An electronic device as in claim 18, wherein said 
electronic device is comprised of a memory array. 

21 . An electronic device as in claim 1 8, wherein said 
electronic device is comprised of a peripheral con- 10 
trailer coupled to one of a serial or a parallel bus. 

22. An electronic device as in claim 1 8, wherein said 
electronic device is comprised of a direct memory 
access controller. 15 

23. An electronic device as set forth in any of claims 
1 8 to 22, wherein said bus is a multiplexed address/ 
data bus. 

20 

24. An electronic device as set forth in any of claims 
18 to 22, wherein said bus is a dedicated data bus. 

25. A method for reducing the power consumption 

of an electronic system having a memory array and 25 
a device that are coupled together through a bus, 
comprising the steps of: 

during a first part of a bus cycle, applying an 
address over the bus from the device to the 30 
memory array; 

in response to the applied address, reading out 
a plurality of memory array locations in parallel 
and storing the data output from the memory 
array locations in a plurality of latches; 35 
during a second part of the bus cycle, transfer- 
ring data in turn from each of the latches over 
at least a portion of the bus; and 
prior to at least some of the steps of transfer- 
ring, selectively inverting or not inverting the 40 
data so as to minimize a number of bus signal 
lines that are required to change state. 

26. A method as in claim 25, wherein the step of 
selectively inverting or not inverting includes the 45 
steps of: 



signal from the bus; and 
inverting the received data or not inverting the 
received data in accordance with the state of 
the control signal. 

28. A method as in claim 25, 26 or 27, wherein the 
step of applying the address includes a step of 
latching the address; and wherein a step of trans- 
ferring a first data includes the steps of: 

inverting the received data or not inverting the 
received data in accordance with the state of the 
control signal. 

28. A method as in claim 25, 26 or 27, wherein the 
step of applying the address includes a step of 
latching the address; and wherein a step of trans- 
ferring a first data includes the steps of: 

performing a bit by bit comparison of the data 
to be transferred with at least a portion of the 
latched address; and 

selectively inverting or not inverting the output 
data based on the result of the comparison. 

29. A method as in any of claims 25 to 28, wherein 
at least some of the steps of transferring data are 
executed in response to a transition of a clock sig- 
nal. 

30. A method for reducing the power consumption 
of an electronic system having a first device and a 
second device that are coupled together through a 
bus, comprising the steps of: 

during a first part of a bus cycle, applying an 
address over the bus from the first device to the 
second device; 

during a second part of the bus cycle, transfer- 
ring data to or from the first device over at least 
a portion of the bus; and 
prior to the step of transferring, performing a bit- 
by-bit comparison of the data with at least a por- 
tion of the address, and selectively inverting or 
not inverting the data based on the result of the 
comparison. 



generating a control signal to have a first state 
for indicating whether the transferred data has 
been inverted or a second state for indicating so 
that the transferred data has not been inverted; 
and 

transmitting the control signal to the bus. 

27. A method as in claim 26, wherein the step of S5 
transferring includes the further steps of: 

receiving the transferred data and the control 



10 



EP 0 886 220 A2 



CM 



o 
a 
< 



i 

or 
< 

o 

LU 



3 
O 



2 



< 



CD 
CM 



O 
EZ 



CO 
CL 



a 

CM 



o 

CO 

o 

o 

"X 



00 



o 

• • 


O 


in 




> — * 




Q 


Q 




11 



EP 0 886 220 A2 



GO 




CO(KO 



12 



EP 0 886 220 A2 



18B 



ADDRESS 
GENERATION 
CIRCUITS 



18C 



DATA 
I/O 
CIRCUITS 



18E 



MUX 



DATA OUT 



DATA IN 



PART OF 
MICROPROCESSOR 
18A 



18D 



CONTROL 

BUS 
GENERATOR 



ADDRESS/ 
DATA 
COMPARISON 
UNIT 



8 



1B 



ADDR 



1' 



XL 



4\5' J 



ADDRESS/ 

DATA 
INVERSION 
XOR 



UNIT 



1A 



?V ADDR/ 
"^DATA 



ADDRESS/ 
DATA 
LATCH 



77 



1C- 




CLK 



FIG.1C 



13 



EP 0 886 220 A2 




CM 



14 



EP 0 886 220 A2 



Ldl 
—I 



o 



i 



,1, 




><C\ 




Q 



o 




15 



EP 0 886 220 A2 



U. 




16 



EP0 886 220 A2 




17 



EP 0 886 220 A2 



CO 

o 




18 



EP 0 886 220 A2 




19 



EP 0 886 220 A2 



2 v 



10 



TRANSMITTER, 1 4 H A 



CONTROLLER, 18 




MOD 



RECEIVER,! 6 



DEMOD 



7 



SPEAKER, 17 



P 



MICRO- 
PROCESSOR 



INTERFACE 



PS- 



MICROPHONE, 19 



DISPLAY.20 



□ O 

□ D 



7 

KEYPAD.22 
-18A 

r 



-22a 
22b 



INTERFACE 



-1A.1B.1C 1 ^-26 



MEMORY 
ARRAY 



"7" 



MEM0RY.24 

FIG.8 



20 



